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Abstract
Background: In India, the socioeconomic shift in the past few decades has led to a sedentary lifestyle with poor dietary
habits, leading to an increased incidence of overweight and obesity in children. Furthermore, obesity and anemia share
some common links.
Objectives: In this study, we have prevalence of anemia and obesity in Indian schoolchildren.
Methods: The study was carried out on 1675 children and adolescent participants aged 6e18 years for the prevalence of
obesity and anemia. Height, weight, waist and hip circumference were taken. Hemoglobin levels was measured for each
participant.
Results: Males and females differed in height (p ¼ 0.007), waist circumference (p ¼ 0.019), waist-to-hip ratio (p < 0.001)
and hemoglobin levels (p < 0.001). A total of 294 girls (44.4%) and 283 boys (29.7%) were anemic. There were signiﬁcant
differences between BMI within age groups for both boys (p < 0.001) and girls (p < 0.001). The highest percentage of
anemia was observed in the 12e14 years age group in girls (54.2%) and 15-18 years-old boys (54.2%). Among the obese
children, 28.2% were anemic, while 29.3% of overweight children were anemic (Pearson's chi-squared ¼ 7.68, p ¼ 0.020).
Conclusion: This study sheds light on the prevalence of obesity and anemia in Indian schoolchildren and adolescents,
while also suggesting an association between the two conditions. Nutritional counselling as well as lifestyle modiﬁcation should be advocated in school curricula to make an early impact.
Keywords: Anemia, Obesity, Prevalence, Schoolchildren

1. Introduction

A

nemia amongst children has been associated
with impaired cognitive functions, developmental delays, behavioral and learning disturbances.1,2 It is commonly believed that the children
who are undernourished suffer from anemia because of less intake of food and thereby low intake of
iron in their diet which is essential for synthesis of
hemoglobin.2 Developing countries are undergoing
nutrition transition due to increased economic
development and market globalization leading to
rapid changes in lifestyle and dietary habits. Poor
dietary habits combined with decreased physical
activity have led to an increase in overweight and
obesity among adults and children.3 Overweight
and obese children are not only at risk for insulin

resistance, hypertension, dyslipidemia and hypertriglyceridemia, but also for micronutrient deﬁciency.4 Obesity and anemia due to iron deﬁciency
are two of the most common nutritional disorders
worldwide. Anemia has been associated with
decreased exercise capacity, impaired cognitive
function, developmental delays, and behavioral dist
urbances.5,6 Obese children are at risk of increased
morbidity starting already in childhood or adolescence.7 Despite their excessive dietary and caloric
intake, obese children and adolescents may be at
risk of ID (Iron deﬁciency) because they tend to
consume unbalanced meals, particularly rich in
carbohydrates and fat. Both obesity and ID are also
more prevalent in all socioeconomic groups, who
consume fast-foods that are low in essential nutrients and rich in fats, sugars and preservatives. In
view of the above, the present study was carried out
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to ascertain the prevalence of anemia and obesity in
school children, within the age group 6e18 years.
The objectives of the study were e 1) To ﬁnd out the
prevalence of anaemia in children & adolescents, 2)
Prevalence of overweight and obesity in children &
adolescents, 3) To assess whether overweight children and adolescents are at increased risk of
anemia.

Table 2. Anemia in schoolgirls.
Age
(yrs)

Girls (N ¼ 661)

Girls (N ¼ 294)

Anemia
present
No (%)

Mild
Anemia
No (%)

Anemia
absent
No (%)

Moderate
Anemia
No (%)

Severe
Anemia
No (%)

6e11 168 (40.3%) 248 (59.6%) 62 (14.9%) 106 (25.4%) 0
12e14 89 (54.2%) 75 (45.8%) 64 (39.0%) 25 (15.2%) 0
15e18 37 (45.7%) 44 (54.3%) 23 (29.1%) 12 (15.1%) 2 (2.5%)
There is no statistical signiﬁcant difference in the Hb level of
different age group among school girls.

2. Methodology
2.1. Ethical considerations and participant
recruitment
All research carried out regarding this manuscript
adheres to the guidelines of the Declaration of
Helsinki involving human subjects and conducted
after Ethical Committee approval.
The study was carried out in one of the leading
public school of Udhampur city. All school children
aged 6e18 yrs were included in the study after
getting informed consent from their parents as well
as from school staff.
2.2. Subjective parameters
1) Age was recorded from birthday by calendar to
the nearest of year (<6 months and >6 months); 2)
Standing height was recorded without shoes and
with light clothes on a wall mounted measuring tape
to the nearest of centimeters (<5 mm and >5 mm); 3)
Weight was recorded without shoes and with light
clothes on a Krups weighing machine; 4) BMI was
calculated by the formula, BMI ¼ Weight (kg)/
{Height (m)}2; 5) Overweight & obesity were determined by body mass index (BMI) for age and gender
as per WHO growth chart. BMI was taken as follows: between 5th to 85 above 85th percentileNormal, between 85th to 97th percentile- Overweight, above 97th percentile e Obese.
Table 1. Anthropometric and blood parameters of school children.
Parameters

Boys (1014)
Median (IQR)

Girls (661)
Median (IQR)

p-value

Age (yrs)
Weight (kg)
Height (cm)
BMI (kg/m2)
Waist (cm)
Hip (cm)
Waist-Hip
ratio
Hb (g/dl)

10 (7e13)
33 (24e45)
140 (125e158)
16.22 (14.48e18.77)
59 (52e68)
69 (60e80)
0.87 (0.83e0.9)

10 (7e13)
33 (23e45)
140 (122e153)
16.42 (14.41e19.11)
58 (51e65)
70 (59e80)
0.85 (0.81e0.89)

0.697
0.239
0.007*
0.314
0.019*
0.777
<0.001*

12.8 (11.5e13.7)

11.9 (11e12.8)

<0.001*

*Statistically signiﬁcant at p < 0.05 by Wilcoxon rank sum test.
The difference between height, waist, waist-hip ratio & hemoglobin of boys and girls were found to be statistically signiﬁcant
(p < 0.05).

Hemoglobin was measured by colorimeter using
drabkin dilution method. Anemia was diagnosed
and classiﬁed according to severity following the
WHO guidelines.8
2.3. Statistical analysis
Data was analysed by SPSS software ver 22. Pvalue <0.05 was considered statistically signiﬁcant.

3. Results
A total of 1675 participants were surveyed, among
which 60.5% were males and 39.5% were females
(Table 1). The difference in age between males and
females (median age 10 years for both) was non-signiﬁcant (p ¼ 0.70). However, they differed in height
(median [IQR] boys 140 [125e158], girls 138 [122
e153], p ¼ 0.007), waist circumference (median [IQR]
boys 59 [52e68], girls 58 [51e65], p ¼ 0.019), waist-tohip ratio (median [IQR] boys 0.87 [0.83e0.90], girls
0.85 [0.81e0.89], p < 0.001) and hemoglobin levels
(median [IQR] boys 12.8 [11.5e13.7], girls 11.9
[11.0e12.8], p < 0.001). A total of 294 girls (44.4%) and
283 boys (29.7%) were anemic (Tables 2 and 3). There
were signiﬁcant differences between BMI within age
groups for both boys (median [IQR] for 6e11 years:
22.77 [20.16e23.79], 12e14 years: 27.11 [27.06e27.19],
15e18 years: 29.75 [28.38e30.83], p < 0.001) and girls
(median [IQR] for 6e11 years: 23.38 [21.89e24.87],
12e14 years: 29.28 [27.39e30.98], 15e18 years: 30.11
[29.32e30.49], p < 0.001) (Tables 4 and 5, Fig. 1). The
highest percentage of anemia was observed in the
12e14 years age group in girls (54.2%) and 15-18 yearTable 3. Anemia in schoolboys.
Age
(yrs)

Boys (N ¼ 1014)

Boys (N ¼ 283)

Anemia
present
No (%)

Mild
Anemia
No (%)

Anemia
absent
No (%)

Moderate
Anemia
No (%)

Severe
Anemia
No (%)

6e11 160 (27.4%) 424 (72.6%) 58 (9.2%) 101 (16.0%) 1 (0.1%)
12e14 34 (12.7%) 232 (87.2%) 28 (10.5%) 6 (2.2%)
0
15e18 89 (54.2%) 75 (45.7%) 64 (39.0%) 25 (15.2%) 0
There is statistical signiﬁcant in the Hb levels of different age
group among school boys.
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Table 4. Descriptive statistics of overweight and obese schoolgirls.
Age (yrs)

6e11
12e14
15e18
Total

Girls
Obese
No (%)

Overweight
No (%)

Normal
No (%)

Underweight
No (%)

26 (6.2%)
4 (2.4%)
3 (3.7%)
33 (4.9%)

32 (7.6%)
22 (13.3%)
7 (8.8%)
61 (9.2%)

276 (66.1%)
119 (72.1%)
59 (74.6%)
454 (68.6%)

83 (1.9%)
20 (12.1%)
10 (12.6%)
113 (17.0%)

Table 5. Descriptive statistics of overweight and obese schoolboys.
Age (yrs)

6e11
12e14
15e18
Total

Boys
Obese
No (%)

Overweight
No (%)

Normal
No (%)

Underweight
No (%)

37 (5.8%)
5 (1.8%)
3 (2.5%)
45 (4.4%)

56 (8.8%)
21 (7.8%)
9 (7.6%)
86 (8.4%)

361 (57.2%)
196 (73.6%)
86 (73.5%)
643 (63.4%)

177 (28.05%)
44 (16.5%)
19 (16.3%)
240 (23.6%)

old boys (54.2%). Also, 4.4% of boys and 4.9% of girls
were found to be obese, whereas 8.4% boys and 9.2%
girls were overweight. Among the obese children,
28.2% were anemic, while 29.3% of overweight children were anemic (Pearson's chi-squared ¼ 7.68,
p ¼ 0.020) (Table 6, Fig. 2). A total of 30.9% schoolchildren were anemic in the normal weight group.

4. Discussion
Anemia remains a burning issue in the Indian
population. However, the increased incidence of
obesity has turned it into a twofold crisis. In this
article, we have discussed the prevalence of both
anemia and obesity in Indian schoolchildren and
adolescents as well as their association. A number of
studies9e15 have previously commented on the
prevalence of anemia in Indian population. Varghese
and Stein16 had analysed the fourth round of the
National Family Health Survey (NFHS-4) data of
145,653 children (6e59 months of age) and 655,156
women across 36 states and 640 districts in India but
found no signiﬁcant clustering of overweight and
anemia. The prevalence of anemia in children aged
5e9 years and 10e19 years, according to the NFHS-4,
were in the range 81e95% and 49e90%, respectively.14 The anemia prevalence of 6e59-month-old
children saw a drop of 13.5% since NFHS-3.11 A
study15 among Santal Adivasi children in Birbhum
district of West Bengal revealed that 73.3% suffered
from moderate to severe anemia, lagging behind the
national average of 58.5%. Our study shows the
prevalence of anemia to be 54.2% which is lesser than
the national average which could be attributed to the
fact that our subjects were children from middle income groups. On the other hand, the prevalence of

Fig. 1. Anemia frequency in different weight groups.

Table 6. Descriptive statistics of anemia in overweight and obese
schoolchildren.
Age (yrs)

Obese
No (%)

Overweight Normal
No (%)
No (%)

Underweight
No (%)

No anemia
Mild
Moderate
Severe

56 (71.7%)
8 (10.2%)
14 (17.9%)
0

104 (70.7%)
31 (21.0%)
12 (8.1%)
0

250 (70.8%)
46 (13.0%)
57 (16.1%)
0

758 (69.1%)
169 (15.4%)
167 (15.2%)
3 (0.3%)

overweight among school going population of 5e18
years of age in Delhi were 0.1% and 2.7%, 0.6% and
that of obesity were 6.5%, and 6.8% and 15.3% in lowincome, middle-income and high-income groups,
respectively.17 A similar study in Chandigarh which
sampled data from 1030 school going children in the
age group 10e14 years, the prevalence of overweight
and obesity were 9.9% and 14.0%, respectively.18 In
another study,19 children aged 6e15 years had 7.5%
prevalence of obesity; also, it was 3.0% and 5.3% for
boys and girls, respectively. Our study shows a
prevalence of 4.4% among boys and 4.9% among
girls. This population surveyed were children from
middle income group, hence we do not see very high
prevalence of obesity in our group as compared to
studies which have surveyed high income group
children. However, there is a dearth of studies
reporting the association between obesity and anemia in Indian schoolgoing children. Siyaram et al.20

51

reported a 28% anemia in children, albeit a low
sample size (n ¼ 71). Obesity and obesity-related
disorders affect iron homeostasis. Anemia, especially
iron deﬁciency anemia is observed in obese subjects.
Also, obesity is a hyper-inﬂammatory state, high
levels of ferritin are expected. Indeed, hyperferritinemia and high transferrin saturation is seen in
patients of metabolic syndrome, known as the “dysmetabolic iron overload syndrome”.21 In India, irondeﬁciency anemia is the most common cause of
nutritional anemia. In a recent Indian study, the
prevalence of anemia was 53.2%, out of which 45.1%
were anemic males and 54.6% anemic females.22 In
this study, we found the prevalence of anemia to be
higher in females than males, while obesity was
observed to be higher in males. In obesity, there are
profound changes in energy metabolism in various
organs, including liver and adipose tissue, and they
are closely and distinctly related to iron homeostasis.
The NHANES population study showed that low
transferrin and low serum ferritin were twice as high
in overweight adolescents compared to normal
weight adolescents.23 Conversely, in lean adolescents, higher serum ferritin and transferrin correlated with higher BMI quartiles.24 In adults, too, iron
deﬁciency is associated with severe obesity. However, there was generally a higher haemoglobin concentration and ferritin concentration compared to

Fig. 2. Frequency of different grades of anemia in normal and underweight children.
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normal weight subjects.25 In a cross-sectional study
involving 256 adult Iranian women showed that only
13.4% of the obese women had iron deﬁciency anemia.26 Hence, the decrease of serum iron and transferrin saturation in adolescents may be attributed to
the obesity-related inﬂammation.21 Moreover, BMI
can be a non-invasive screening tool to identify the
adolescents who are prone to anemia.27 Further, the
treatment of iron-deﬁciency anemia has been shown
to induce weight loss and the improvement of several
metabolic parameters.28 Iron status improvement
was observed in weight reduction surgeries.29,30 The
assessment of iron status is recommended during
follow-up after bariatric surgery.
The etiology of anemia in children in India is
multifactorial, and includes hemoglobinopathies
and anemia, malnutrition. The prevalence of pathological hemoglobinopathies is 1.2 per 1000 live
births.31 A few major causes of anemia in children
include thalassemia syndromes (trait, intermedia
and major) and sickle cell disease which are very
common in India and can co-exist with iron deﬁciency. In present times, automated CBC counters
do help in early diagnosis of haemoglobinopathies
based on Mentzer's index. Intestinal parasitic infections are also a common cause of anaemia in
children. In our study, Hb for screening was estimated by cyanmeth haemoglobin method, hence
RBC indices were not present for referring patients
for High pressure liquid chromatography for diagnosis of haemoglobinopathies. Furthermore, children were from middle income families, hence
malnutrition as a cause of anemia could be ruled
out. As the study primarily was conducted as a
medical check-up for school children, all children
with anemia, identiﬁed in our study, were referred
to paediatrician for medical treatment.

5. Conclusion
We have reported the prevalence of obesity and
anemia in Indian schoolchildren and adolescents,
which suggests an association between the two conditions. The obesity epidemic has caught up to the
Indian population due to a seismic shift in the socioeconomic status and sedentary lifestyle. Despite the
increase in calorie consumption, obese children are
still nutritionally challenged. To combat this, we can
employ certain measures, such as education on
balanced diet, less consumption of high calorie fast
foods, and banning of the same from school canteens,
distribution of diet sheets, encouraging physical exercise and making physical education and sports

mandatory in the school curriculum, and creating
awareness in children early on.
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